This study analyzed the relationship between critical speed (CS) and maximal speed for 30 min (S30) in swimmers of ages 10-15 years. Fifty-one swimmers were divided by chronological age (10-12 years = G10-12, 13-15 years = G13-15), sexual maturation (pubic hair stages; P1-P3 and P4-P5), and gender (M = boys, F = girls). The CS was determined through the slope of the linear regression between the distances (100, 200, and 400 m) and participantsʼ respective times. CS and S30 were similar in the younger (G10-12M = 0.97 vs. 0.97 m/s, and G10-12F = 1.01 vs. 0.97 m/s, respectively), and older swimmers (G13-15M = 1.10 vs. 1.07 m/s and G13-15F = 0.93 vs. 0.91 m/s, respectively). In conclusion, the CS can be used in young swimmers for the evaluation of aerobic capacity, independent of gender and age.
Introduction
Maximal oxygen uptake (VO 2max ) and the blood lactate response to exercise (i.e., anaerobic threshold, onset of blood lactate accumulation [OBLA] and maximal lactate steady state [MLSS] ) are among the main physiological indices related to aerobic performance (3) . The determination of these indices, however, requires expensive equipment and trained technicians, which are not always available at the training site. These issues are even more relevant in swimming in light of the relative diffi culty of obtaining measurements under water.
Recently, several investigators have used OBLA (4 mM of blood lactate) as a useful and important index for estimating swimming endurance performance (20) . Numerous studies have revealed a high correlation between swimming velocity at OBLA and performance during 400 m (r = .90; 26), as well as during 30 min of swimming (r = .97; 22) .
Thus, some studies have tried to validate indices that can be used in evaluation of aerobic fi tness without the need for expensive devices or blood collection. Among these indices are critical power (CP), or critical speed (CS), described as an index of aerobic fi tness that, in theory, can be maintained during a prolonged period of time without exhaustion (21) . Specifi cally for swimming and running, CS can be defi ned as the slope of the distance-time relationship (6, 11) .
In swimming, CS has shown good validity for the prediction of intensities corresponding to OBLA (18, 25) and to maximal lactate steady state (MLSS) in adult (27) and adolescent swimmers (10) . These intensities have been proposed for the prescription of high intensity aerobic training, particularly in highly trained athletes (20, 22) . Coaches currently employ critical swimming velocity because it is a simple, inexpensive, and noninvasive method of determining performance.
In accordance with some authors (26, 27) , CS represents the maximal swimming velocity in a state of physiological aerobic balance. In these studies, the correlation between CS and swimming velocity associated with 4 mM of blood lactate was high (r = .89 and r = .91, respectively) in 19-year-old swimmers.
Studies performed in swimmers verifi ed signifi cant correlation levels between CS and the 400-m swimming performance as determined both in a swimming fl ume (r = .86) and in a swimming pool (r = .99; 25,26). Hill and Smart (15) verifi ed, in 17-year-old swimmers, that CS (1.13 m/s) was equal to the speed corresponding to MLSS-S MLSS (1.14 m/s), with a high correlation between speeds (r = .81). In this study, the mean blood lactate concentration corresponding to the MLSS was 4.0 mM.
Another index widely used for the assessment of aerobic capacity is the 30-min swimming test (i.e., the maximal velocity that could be maintained for 30 min; 5, 22, 27) . In adult swimmers, this index was found to be valid for the prediction of OBLA (22) and was used for aerobic training prescription (20, 22) . In young swimmers, however, the validity of long-duration tests might be reduced because these individuals could underestimate the distance to be covered as a result of lack of experience and high motivation. Thus, CS might be more practical in this population because it requires testing over shorter distances (100 to 400 m).
In adult swimmers (5) and those ages 10 to 15 years (11), CS was similarly and signifi cantly correlated with the maximal speed maintained for 30 min (S30). Dekerle et al. (5) verifi ed that CS presented signifi cant correlation with S30 (r = .77) in male and female 18-year-old swimmers. Hill et al. (16) , however, showed that CS overpredicted the speed that could be sustained in a long time trial in swimmers ages 11.9 years (distance = 457 m, mean time = 5.16 min) and 15.1 years (distance = 1509 m, mean time = 16.4 min). But these authors found high correlation levels between CS and endurance performance in young (r = .92) and old swimmers (r = .92). The contradictory data might be explained, at least in part, by the duration of the predictive loads used in the determination of CS. Some studies on swimming (5,12) and cycling (2) have demonstrated that CP/CS depend on the range of exhaustion times used for their determination.
In relation to the effect of gender on blood lactate response at submaximal intensities, Williams and Armstrong (28) verifi ed similar lactate concentrations corresponding to MLSS in boys (2.1 mM) and girls (2.3 mM) of 13 years for running. In this study, the blood lactate concentration of 4 mM represented similar intensities in boys (91% VO 2max ) and girls (90% VO 2max ). When analyzed by maturation levels, these percentages were the same between genders.
Fernhall et al. (9) observed in trained runners that the blood lactate concentration of 4 mM corresponded to 91%VO 2max in boys and 89% in girls. In swimming, Doimo (7) verifi ed similar blood lactate levels in boys (4.52 mM) and girls (4.96 Mm) ages 13 to 14 years. In these studies, however, the maturation levels were not measured.
No study involving young swimmers has analyzed the effect of gender and sexual maturation on the validity of CS to estimate S30 and the blood lactate response at S30. Therefore, the objective of the present study was to determine the infl uence of gender, chronological age, and sexual maturation on the relationship between CS and S30, as well as on the blood lactate response during S30, in 10-to 15-year-old swimmers.
Methods Participants
Fifty-one swimmers (27 boys and 24 girls) 10 to 15 years of age participated in this study. They were divided into eight groups in accordance with chronological age (10 to 12 years = A 10-12 , 13 to 15 years = A [13] [14] [15] ), sexual maturation (P1-P3 = M 1 , P4-P5 = M 2 ), and gender (M = boys, F = girls). Age was computed on the date of examination using decimal age from the date of birth. Body fat was determined by skinfold thickness (triceps and subscapular) measured with skinfold calipers (Cescorf, Porto Alegre, Brasil), with precision of 0.1 cm and constant pressure of 10 g/mm 2 ; this was based on the protocol suggested by Lohman (18) . Sexual maturity was visually determined from pubic hair presence using the indices developed by Tanner (23) . All observations were made by the same examiner. Table 1 shows the main physical characteristics of the swimmers.
The younger swimmers (A 10-12M , A 10-12F , M 1M , and M 1F groups) were concentrating on skill development and perfecting technique and had at least 1 to 2 years of experience in competitive swimming. They were competing at the regional level in 50 and 100 m freestyle and involved in a training program 4 to 5 times per week. The weekly mean swimming distance was between 6,000 and 15,000 m. The older swimmers (A 13-15M , A 13-15F , M 2M , and M 2F groups) were in the training phase and had at least 3 to 5 years of experience in competitive swimming. They were competing at the regional level in 50 and 100 m freestyle, and they trained 5 times per week with a weekly mean swimming distance 13,500 and 17,500 m.
Before participation in the study, the swimmers and their parents or guardians were informed of all test procedures and they provided voluntary written informed consent to participate in the study. The protocol was approved by the universityʼs ethics committee.
Determination of Critical Speed
The critical speed (CS) was determined in accordance with Wakayoshi et al. (25) . During training sessions, the participants were instructed to swim distances of 100, 200, and 400 m as quickly as possible using the freestyle stroke; they were not instructed to swim at a constant speed. The time taken to swim each distance was recorded using a manual chronometer. Participants swam one event per day in random order. CS was determined using the slope of the linear regression between swimming distances and the time taken to swim them. 
Determination of Maximal Speed for 30 Minutes
Each test session consisted of a warm-up period of 3 min and a 30 min constantspeed swim. In the fi rst test, speed corresponded to 95% of CS. The test was fi nished when the swimmer reached voluntary exhaustion or performed two consecutive passages of 25 m two seconds above scheduled time corrected for examinerʼs stimulus. If the swimmer was able to complete 30 min at this speed, another 30 min constant-speed test with a 1-2% higher speed was performed on a separate day. Additional constant-speed tests were performed until a speed was selected for which the swimmer could not complete 30 min. The swimmers were advised of the proper pace through visual signals expressed by an examiner beside the pool. At the 10th minute and again at the completion of each test, 25 μl of arterialized blood were collected from the ear lobe through a heparinized capillary and immediately transferred to microcentrifuge tubes containing 50 μl NaF (1%) for lactate [La] measurement (YSL 1500 STAT, Yellow Springs, OH). Blood collection took approximately 30 sec. At the same time heart rate (HR) was recorded using a heart rate monitor (Polar ® X-Trainer Plus, Kempele, Finland).
Statistical Analysis
The values were expressed as mean ± SD. The comparison between CS and S30 over different ages and genders was made using two-way ANOVA for repeated measures with Tukeyʼs post-hoc tests where appropriate. The comparison for [La] and HR over different ages, genders, and test times was made using three-way ANOVA for repeated measures with Tukeyʼs post-hoc tests where appropriate. The correlation between speeds for each age-sex group was made using Pearson product moment correlation coeffi cients. The ability of CS to predict S30 was arrived at by Bland-Altman analysis (3). Signifi cance was set at p < .05. Table 2 shows the mean values of CS and S30 for the swimmers categorized by chronological age (A 10-12M , A 10-12F , A 13-15M , and A 13 -15F ) and sexual maturation (M 1M , M 1F , M 2M , and M 2F ). There was no signifi cant difference between CS and S30 in the analyzed groups. Among the boys (10-12 and 13-15 years, P1-P3 and P4-P6), CS and S30 were higher in the older group (p <.05). In girls, however, CS and S30 were higher in the chronologically younger group only (p < 0.05).Comparing boys and girls in the 13-to 15-year-old age group, CS and S30 were higher in boys (p < .05). When analyzed by sexual maturation, however, boys presented higher values in all comparisons (p < .05). The correlation values between CS and S30 were signifi cant in all sex by age groups in which age was determined by chronological age (r = .87 to 0.97) or by sexual maturation (r = .93 to 0.98). Table 3 shows the mean [La] values obtained at S30 for the swimmers classifi ed into sex by age groups. There was no signifi cant difference between [La] values at Minute 10 and the end of the test in all analyzed groups. In all comparisons, boys presented higher values than girls at Minute 10 and at the end of the test. Table 4 shows the mean heart rate (HR) obtained at S30 for swimmers classifi ed into sex by age groups. In the groups A 13-15F and M 2F , the value obtained at the end of the test was higher than at Minute 10. There was no age effect in all comparisons at 05Greco(353) 357 10/23/05, 9:55:19 AM the two moments of the test. There was no signifi cant difference between genders in the younger (10-12 years, P1-P3) and the older groups (13-15 years, P4-P6) at the two moments of the test. Figure 1 shows the Bland-Altman diagram comparing CS and S30 for groups analyzed by chronological age. The bias ± 95% limits of agreement for comparisons between CS and S30 in A 10 
Results

Discussion
The main fi nding of the present study was that CS provides a simple and valid measure of sustainable swimming velocity as refl ected by S30 in young swimmers. Although exercising at the same relative intensity, female swimmers showed a lower blood lactate concentration than male swimmers during S30.
In accordance with Ettemaʼs study (8) on running, the relationship between distance and exhaustion time cannot be described by a single linear relationship but by several linear ones. In this study, however, fi ndings indicate that the relationship between distance and the world record was linear for distances between 1,500 and 10,000 m. The nonlinearity has been observed for exercises performed on a cycle ergometer (24) and in swimming (19, 29) . Thus, the slope of the distance-time relationship depends on the range of exhaustion times. The higher the values of exhaustion times, the lower the slopes (12) . Moreover, the CS cannot be maintained indefi nitely without exhaustion as a function of fatigue, which can occur through glycogen depletion, the thermorregulation process, etc.
If some recommendations were made, however, the value could be closer to S MLSS or S30. Some authors proposed that the duration be longer than 2 min and the longest exhaustion time should not exceed 20 min, because beyond this length of time, performance is infl uenced by factors such as diet, hydration, temperature regulation, and motivation (2, 14) . In general, CS is closer to OBLA and S30 when it is determined through distances of 100, 200, and 400 m in young swimmers (12) and 200 and 400 m in trained swimmers (5) . In accordance to Wright and Smith (29) , the addition of a long-distance swim of a duration of approximately 15 min as one of the predetermined tests should avoid an overestimation of CS. Although the relationship between distance and time was not strictly linear, a limitation of this index, several studies have verifi ed high goodness-of-fi t using the linear model (r 2 > .90 ; 5,10,16,25,26) . As in the present study, S30 was determined by controlling the intensity at each 25 m in order to guarantee constant velocity during the 30-min swim.
In the present study, we confi rmed and extended the data reported by Greco et al. (11) because CS was similar to and highly correlated with S30. Thus, CS provides a simple estimate of S30 irrespective of chronological age, sexual maturation, or gender. Hill et al. (16) , however, found that CS overpredicted the speed that could be sustained in a long time trial in swimmers ages 11 to 18 years. These contradicting results can be explained in part by the duration of the predictive loads used by Hill et al. (16) for the determination of CS. Whereas Hill et al. (16) used distances of 25 to 457 m, the shortest distance used in the present study was 100 m. Greco et al. (12) observed in young swimmers that the shorter the distance (duration) used for the determination of CS, the higher the value of this parameter, confi rming data of studies conducted on adults during swimming (5) and on adults exercising on a cycle ergometer (2) . Thus, when longer distances (durations) are used for the determination of CS, its relationship with 30-min performance is not infl uenced by age or gender. This aspect might be very interesting because younger and less experienced swimmers might not yet possess the swimming ability, the aerobic fi tness, and the motivation to swim at maximal intensity for 30 min. In the present study, boysʼ blood lactate concentration during S30 was similar among groups when analyzed by chronological age and sexual maturation. The values (3.8-4.8 mmol/L) are in accordance with the values previously reported in adult swimmers during S30 (5, 22) . These data suggest that in boys, age does not interfere in the blood lactate response during submaximal exercise, confi rming the fi ndings of Beneke et al. (1) , who showed that the lactate concentration at MLSS intensity during cycling in individuals ages 11 to 20 years does not depend on chronological age. Although girls showed no age effect on blood lactate response, the two age groups showed lower blood lactate values during S30 in relation to boys. It is important to emphasize that the relationship between CS and S30 and the values of HR during S30 were similar for the two genders, suggesting that the girlsʼ motivation did not infl uence performance during S30. Few studies have been reported in the literature analyzing the effect of gender on blood lactate response during submaximal exercise, particularly on the age group studied here. Some factors that might explain, at least in part, the different blood lactate response observed in female swimmers are muscularity and testosterone concentration, which might be higher in males even in younger individuals (13, 17) .
We conclude that CS is a useful parameter to assess aerobic performance in young swimmers irrespective of gender or age. In young and inexperienced swimmers, however, CS might be more advantageous because of the shorter distances used for its determination and the lesser infl uence of aspects such as motivation and swimming ability.
